Abstract. 2014 The effect of a random potential on the diffusion coefficient of a polymer is shown to be a relevant perturbation in the renormalization group sense below four dimensions. Attempts to « improve » the perturbation expansion by means of the renormalization group failed as it was not possible to locate a stable accessible fixed point. Speculations on the physical implications of these results are given.
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In this letter we examine the statics and dynamics of a flexible linear polymer moving in a fixed (quenched) random potential. This potential might be envisaged as being produced by hard spheres placed at random throughout space whose diameters are small compared to the length of the polymer molecule. Such a model might serve as a crude approximation for a polymer diffusing through a medium of closely packed small particles, e.g. oil through sand. However, our chief motivation in studying this problem was to try to understand what de Gennes refers to as « one of the major unsolved problems of polymer physics » [1] . This is the discrepancy between the reptation model prediction for the molecular weight dependence of the viscosity ~ of a melt and experiment. Experimentally it is found that" '" Nn where mn is of order 3.3 to 3.4 while the reptation model prediction for mn is 3.
The reptation model is usually introduced by first considering a system which is much simpler than a polymer melt but which still shows nontrivial entanglement effects. This is a single chain trapped in a fixed network [1] . The (1)- (4) are directly soluble in terms of the normal (Rouse) coordinates [3] . [4] ).
A non-vanishing first cumulant could be considered but inspection of equation (2) Carrying out the differentiation with respect to /~(0) of the terms in the curly brackets in equation (9) produces two terms : L exp(ip. Rj(t)) Lipa G;j(t) + ika/N~ ~ 10 k &#x3E; j where the identity ~(~)/~(0) = ba~ Gjl(t) has been used. G~~(t) is the propagator for equation (1) for Ul = 0 = U2 and is given by as N -~ oo [5] . Then in the limit A; -~ 0 where for at this stage 0 k ~ can be replaced by 00 ). From [5] with Eq. (11) is valid for yt &#x3E; b2 and N -1/2 pb 1.
Replacing b in (10) by N ds, equation (10) (14) and thereby determine the exponent governing the molecular weight dependence of the diffusion coefficient. The renormalization group procedure we have used is the « blobbing » transformation of Gabay and Garel [6] . This procedure has been extended to polymer dynamics by Al-Noaimi et al. [7] .
The chain of N beads (N -~ oo) is divided into blobs of g links; the blobs are then considered as new beads and the procedure is iterated. Since we are dealing with a quenched random system In Z must be averaged over lp(R) rather than Z itself, so we used the replica trick of writing as ~ -~ 0 [4] and then averaged Zn. It is useful to form the dimensionless quantities, one then readily derives, by conventional perturbation expansions [3] for the parameters of the « blobbed » effective replicated potential, the following approximate recursion relations, valid to first order in B (assuming l~p, /L -B),
To analyse these recursion relations it is useful to go to the continuous limit, p6 = I, g = exp ð with 6 1, when setting w = V -J one has
In this form the recursion relations for w, J are a special case of those in reference [4] . Equation (15) What conclusions should be drawn from these calculations. We have shown that for d &#x3E; 4 the random potential merely modifies the friction coefficient y and reptation is not the mechanism of transport.
For d 4 there is a radical alteration in the dynamics. The perturbation expansion for d 4 
is of the form
The simplest possibility is that f (x) varies as x-2~E as x -~ oo, so that D N N -2 -the reptation result. The reptation model has no obvious connection with renormalization group considerations of behaviour on successive increasing scales of length and it might just be impossible to derive the reptation results from a renormalization group calculation. Another possibility is that the random potential localizes the eigenvectors of A (other than the ground state) in the sense of Anderson [9] when d 4. This would imply that the diffusion coefficient was zero. Computer simulations [10] might reveal if this hypothesis is valid.
